Objectives: To describe (1) the prevalence of overweight and obesity and their association with physical activity; (2) the effect of different cut-off points for body mass index (BMI) on weight status categorisation; and (3) associations of weight status with perceptions of body size, health and diet quality. Design: A cross-sectional study. Setting: Secondary schools in Barbados. Subjects: A cohort of 400 schoolchildren, 11-16 years old, selected to study physical education practices. Results: Prevalence of overweight (15% boys; 17% girls) and obesity (7% boys; 12% girls) was high. Maternal obesity, as defined by the International Obesity Task Force (IOTF) BMI cut-off points, predicted weight status such that reporting an obese mother increased the odds of being overweight by 5.25 (95% confidence interval: 2.44, 11.31). Physical activity was inversely associated with weight status; however levels were low. Recreational physical activity was not associated with weight status in either category. Overweight subjects tended to misclassify themselves as normal weight and those who misclassified perceived themselves to be of similar health status to normal-weight subjects. The National Center for Health Statistics and IOTF BMI cut-off points produced different estimates of overweight and obesity. Conclusions: Our findings suggest that inadequate physical activity and ignorance related to food and appropriate body size are promoting high levels of adiposity with a strong contribution from maternal obesity, which may be explained by perinatal and other intergenerational effects acting on both sexes. Prevalence studies and local proxy tools for adiposity assessment are needed.
In Barbados, as elsewhere, there is considerable concern over the perceived increasing prevalence of obesity among children and adolescents [1] [2] [3] . This predominantly African-origin population is close to the end of the epidemiological nutrition transition. Recently there have been large increases in adult overweight and obesity [4] [5] [6] and concomitant chronic cardiovascular diseases [7] [8] [9] [10] . The expectation is that a childhood epidemic will mirror the adult pattern as it has in the developed world [11] [12] [13] . A burgeoning epidemic of childhood and adolescent overweight and obesity is likely to have high costs 14 in the vulnerable economic climate that is common in small states. An assessment of prevalence among adolescents is needed.
In addressing this problem, cheap and easy screening is required to identify those most at risk. Selection of appropriate tools is complicated by the fact that most tools in use are proxy measures that do not actually measure adiposity 15 and vary in validity 16 depending on the age and ethnicity of the population 17 . Body mass index (BMI) is one such measure 1, 2 where, in addition to the difficulty of selecting appropriate equations for calculating body composition from BMI, there is the added effect of differences in the rate of maturation and its effect on body composition 15 . Importantly, these problems may be exacerbated in transition populations [17] [18] [19] and among the fattest children 20 . Some indication of which set of published cut-off points is the most suitable, in the absence of gold standard measures, would be of use.
It is thought that activity and general fitness in Barbados, as elsewhere, is on the decline among youth 21 and there is increased access to calories. The exact mechanisms by which obesity develops are complex but some populations are more prone 22 , so that the gene-environment interactions of one group are not necessarily applicable to another 23 . It is therefore important in each population to describe and document the associations of body composition with factors such as family history of obesity, activity and food intake for meaningful and effective monitoring when interventions are being planned.
It is clear that, in stemming rising obesity among youth, understanding and responding to nuances in food intake and activity behaviours will be vital, particularly in the adolescent age group known to be heavily influenced by peers 24 . Perceptions among the young in terms of what constitutes good health, overweight and obesity, as well as appropriate physical activity levels, are important factors 25, 26 . The relationship between body image and weight change behaviour and the contradictory findings from different settings 27 are confusing. These factors have been little explored in Barbados and the Caribbean and similar populations with cultural memory of food insufficiency and debilitating physical labour 28 , but may hold the key to some of the unique drivers of this new scourge of the developing world.
Of interest is the current debate on whether Caribbean women and adolescent girls' belief that 'men prefer their women fat' [29] [30] [31] contributes to maintaining the preponderance of obesity seen among women 5, 29 . This is in striking contrast to the findings in other societies, where girls would expect obesity to have negative social consequences 32 .
In the present study we assessed a sample of subjects aged 11-16 years, aiming to describe the prevalence of overweight and obesity among adolescents and to examine the associations of BMI and weight status, as defined by the International Obesity Task Force (IOTF) BMI cut-off points 33 , with reported structured and recreational activity as well as familial obesity. We also sought to compare the effect of using of different BMI cutoff points, i.e. those of the IOTF and the National Center for Health Statistics (NCHS) 34 , on categorisations of normal weight, overweight and obesity, and examine the associations of weight status and sex with perceptions of body size, health, diet quality, perception or misclassification of weight status and its associations.
Methods
The sample comprised a cohort of 400 schoolchildren, 11-16 years old, gathered to study physical education (PE) practices and health and fitness among adolescents 35 . School is compulsory in Barbados until age 16 years. At the time of the study approximately 6% of eligible students were in private schools and were excluded from the sampling frame.
The Barbados Secondary Schools Entrance Examination is a compulsory exam taken in the age group 11-12 years. It is used to rank children for placement in secondary schools. All secondary schools are co-educational except two. Schools were stratified into three categories according to high, medium and low attainment scores, using cut-off marks from the above-mentioned examination. One co-educational school from each stratum was randomly selected. In addition the sole all-girls' school was included in an attempt to determine whether the presence of boys was associated with different female attitudes towards physical activity and self-awareness. One class from each year group comprising five forms was randomly selected from each school. All subjects approached consented to the study.
Weight and height were measured using standard techniques 36 from which BMI was calculated. A questionnaire on reported age, sex, address, family history of obesity, diabetes and/or hypertension of first-degree relatives and eating and exercise habits was administered to all students in a given school simultaneously, with parental consent.
IOTF BMI cut-off points were used to place students into weight status categories: normal weight, overweight and obese. Maternal, paternal and familial obesity were reported as well as physical activity (structured and recreational). Structured physical activity was measured from responses to the question 'How often do you play an organised sport with an instructor or teacher in charge?' and recreational activity from 'How often do you play a game with friends?' In addition several measures of perception of health and obesity status in the subject, including questions on adequacy of exercise ('enough exercise'), were included.
The study was approved by the Research Ethics Committee of the Ministry of Health and the Environment and the Ministry of Education, Barbados.
Statistical analyses
Differences in proportions were examined using the x 2 test and mean differences using Student's t-test. The simple relationships between weight status (categorised as normal weight and overweight) and sex were examined by univariate linear regression analysis. The health and adiposity indicators in these regression models were health status, diet quality, not having a fat family member, mother or father, engaging in recreational and structured activity and getting enough exercise.
The relationship of BMI to familial (paternal, maternal, other) obesity and physical activity (structured and recreational) was examined by multivariate linear regression analysis, adjusted for age and sex; maternal obesity, paternal obesity, healthy diet, structured activity, recreational activity and 'enough exercise' were offered simultaneously as explanatory variables. The associations of weight status with physical activity, parental obesity and self-perceptions of body size were examined separately by logistic regression analyses adjusted for age. In examining determinants of weight status, the overweight and obesity categories were collapsed. Sex was excluded from the logistic regression model because sex-and age-standardised BMI cut-off points were used to establish weight status. For both the linear and the logistic regression analyses, alternative models were tested in which frequency of engaging in 'enough exercise' replaced structured activity. This was done because the frequency of engaging in structured activity was hypothesised to have a different association with body composition from the perception of general fitness, reflected in answers to 'enough exercise', but was likely to be highly correlated with this variable. It was also felt that frequency of structured activity would be more easily assessed by self-reports. Age category was nevertheless included as a covariate as additional effects associated with stage of maturity over the 11-16-year age range might be expected.
The associations of weight status with perceptions of health, quality of food intake and misclassification of weight status were also examined by logistic regression analysis. All results were unweighted.
Results

Characteristics of subjects
The sample comprised 236 (59.0%) girls and 164 boys. The 59 girls from the single-sex school did not differ on any of the anthropometric measures from girls who attended co-educational schools. Data for girls from both types of school were therefore pooled for further analyses. Table 1 shows mean differences in height, weight and BMI by sex. BMI was significantly higher among girls but there was no significant difference in age between the sexes.
Prevalence of obesity
Twenty-seven per cent of the children were overweight using the IOTF BMI cut-off points. There was no significant sex difference in the prevalence of either overweight or obesity, although these tended to be higher among girls (Fig. 1) .
Comparison of IOTF and NCHS BMI cut-off points When subjects were categorised as normal weight or not, the proportions in the overweight category were similar for IOTF and NCHS BMI cut-off points (Fig. 2a) . However, when the cut-off points were used to separate the overweight adolescents into obese and overweight groups, the estimates varied widely (Pearson x 2 5 54.09; P , 0.001). The NCHS cut-off points categorised more of the subjects as obese, than as overweight (Fig. 2b) . Three per cent of children were categorised as underweight using the NCHS criteria. Associations of BMI and weight status with health and obesity-associated indicators Health Among the subjects who answered the question 'Do you think you are healthy?', boys reported being healthy significantly more often than girls. Overweight subjects rated themselves as less healthy ( Table 2 ). The differences between boys and girls in the separate weight status groups were not significant (data not shown). Approximately 19% of the sample was unable to rate their health status (Table 3 ).
Diet quality
There was a tendency for girls and overweight subjects to consider their diet to be unhealthy compared with boys and normal-weight subjects, but neither of these differences was significant ( Table 2) .
Physical activity
Most subjects reported some recreational physical activity; 99% and 93% among boys and girls, respectively. Boys reported engaging in structured physical activity significantly more often than girls (Table 2 ). There were no significant differences by weight status for either recreational or structured activity.
Enough exercise
Significantly fewer girls (41%) compared with boys (59%) thought they got 'enough exercise'. Overweight subjects reported getting 'enough exercise' less frequently than subjects of normal weight status (Table 2) . Nine per cent of the sample did not respond to this query.
Familial weight status
Ten per cent of the sample reported having a fat mother. This comprised 23% and 24% of overweight boys and girls, respectively, and 5% of subjects in the normal weight category. Girls and overweight subjects were more likely to report an overweight family member, while overweight subjects reported a fat mother more frequently. Father's weight status was not significantly related to sex or weight status group (Table 2) . Fifteen per cent of the children were unable to categorise their mother's weight status ( Table 3) .
Determinants of weight status
In the model which fitted maternal and paternal obesity, healthy diet, structured and recreational activity and enough exercise simultaneously, BMI was significantly and negatively associated with 'enough exercise' and frequency of recreational physical activity and positively with maternal obesity. Structured physical activity was negatively associated, but did not reach significance and was replaced by 'enough exercise' in the model. There were no significant associations of BMI with intake of a healthy diet or with father's fat status. Similarly, weight status was significantly and negatively associated with 'enough exercise' and positively with maternal obesity. The association with frequency of structured activity was negative but was again significant only at the 10% level when 'enough exercise' was excluded from the model. No other variables were significantly associated ( Table 4 ). The 59 girls from the single-sex school were removed and these analyses were repeated; the directional relationships remained the same and no relationships lost significance. 
Perceptions of body size
Three hundred and fifty-nine subjects answered the question 'Are you overweight?' Among those classified as overweight by the IOTF BMI cut-off points, 57% of boys and 61% of girls tended to misclassify themselves as normal weight. Few normal-weight subjects, 4.9% of boys and 4.4% of girls, classified themselves as overweight (Table 5) . Logistic regression analysis revealed that overweight subjects were significantly more likely to misclassify themselves than normal-weight subjects and this was not associated with sex (Table 6 ).
Overweight subjects who misclassified themselves as normal-weight Forty-seven of the subjects who misclassified themselves were overweight. The 13 subjects who wrongly classified themselves as overweight were excluded from analyses pertaining to perceptions and misclassification of weight status as they might be expected to have different reasons for misclassifying. These overweight subjects were then compared with normal-weight subjects on perceptions of diet, health, family history of obesity and frequency of activity. Overweight subjects who misclassified themselves differed from normal-weight subjects only on the greater frequency of reporting a fat mother (odds ratio 5 3.59, 95% confidence interval (CI): lower among these subjects than the mean for the other overweight subjects. In addition, 27% of the subjects who misclassified themselves were obese compared with 66% of those who did not (Pearson x 2 5 14.03; P , 0.001).
Subjects who did not report weight status
Subjects who were unable to report their own weight status were more likely to be overweight and to think of themselves as less healthy; they reported getting 'enough exercise' less frequently than those who reported (Table 7 ). There was, however, no difference in reported consumption of a healthy diet and subjects reported similar amounts of structured activity. They also reported having a fat mother with the same frequency as subjects who reported weight status. There was no association with age. There were no significant differences in BMI or occurrence of obesity in this group compared with other overweight subjects who were able to report their weight status.
Discussion
Girls were fatter than boys but this is of minimal clinical significance as the prevalence of overweight and obesity was high in both sexes. Nevertheless, there was a nominally higher prevalence of overweight among girls which, because it reflects the adult prevalence patterns 3 , is a trend that should be monitored.
IOTF and NCHS BMI cut-off points gave similar estimates of overweight but gave appreciably different estimates of overweight and obesity when used to separate overweight subjects into these categories. This is an important finding, as both of these proxy tools use the measure BMI as their basis for discrimination. It is established that BMI is a better tool for comparison of body size than for adiposity 37, 38 ; however, its ease of use and the availability of cut-off points for children based on risk rather than from percentiles 33 has prompted unguarded use of this tool. Our findings from this study in fat Barbadian secondary-school children, compared with findings from a cohort of relatively thin children 17 of similar ethnic origin in another setting, reinforce the point that proxy tools such as BMI ought to be used with caution unless validated for a given population. The discrepancy underscores the need to cross-validate BMI and other cheap and easily available proxy measures for fatness with better measures of adiposity, especially where they are to be used for screening in adolescent and child populations 37 . Nevertheless, the distribution of weight status using the IOTF cut-off points was close to what would be postulated from other studies and suggests that this instrument probably correlated better with adiposity than the NCHS cut-off points in this group. Underweight was low in this population, likely attributable to a successful nutrition intervention in children , 5 years old and to increased availability of food. Boys reported getting enough exercise and engaging more frequently in all types of activity compared with girls. Reported recreational activity was high in both sexes, although only 41% of girls reported getting enough exercise. The lack of association between recreational physical activity and weight status may therefore result from the avoidance of energy-expensive activities. However, sex differences also may reflect different societal attitudes to the importance of sports for boys and may be one factor promoting a female bias leading to obesity. Our findings were similar to those among black American adolescents of low socio-economic status, where weight status of male adolescents appears to be more related to exercise habits than to television or video game habits and increased participation in high-intensity exercise appears to be important. On the other hand, among the females, neither videos nor exercise habits appear to be related to risk of being overweight 39 . This suggests commonalities that may arise out of historical similarities possibly surrounding negative associations with physical activity.
Subjects who reported getting enough exercise tended to be of normal weight and to have lower BMI. This is in keeping with the results of most published studies 40 and so lends credibility to the reported answers provided by this group of adolescents. The greater contribution of this variable to explaining weight status when compared with frequency of reported structured activity may reflect a pattern seen in other adolescent groups such that activity provided by PE programmes may have reduced impact because of the small number of students who engage appreciably in such activities 41, 42 . School-based physical activity programmes have not been very successful in reducing overweight because, it is thought, of problems with stigma 42 . Our findings nevertheless suggest that adolescents are able to assess what may be adequate levels of exercise. It would be useful to determine the nature of non-PE types of activity as possible avenues for intervention.
Despite the strong suggestion of underreporting of maternal obesity and the likely attenuation of the association from collapsing of the 'Don't know' category with no responses on maternal obesity, it remained a strong predictor of weight status. This points to familial effects that are likely to have both genetic and environmental components, serving to perpetuate the epidemic 43 .
On the measures of perception of health status, a relatively high proportion of subjects were unable to comment on health, diet quality or weight status in themselves. Importantly, among those who gave estimates of diet quality, more than half of the adolescents (more so among overweight girls) thought their diet unhealthy. It is necessary to understand what causes these adolescents to make food choices they deem to be unhealthy, as this would negate any education on good food choices. This is similar to findings from elsewhere 44 . Studies on diet quality and the factors affecting food choices need to be conducted.
Overweight boys and girls were 30 times more likely to misclassify themselves than subjects of normal weight. Our data therefore do not support a sex bias in the misperceptions of weight status. Fifteen per cent of subjects were unable to classify their mother's weight status and reporting of maternal obesity was low compared with the prevalence among Barbadian women 5 . Interestingly, the mean BMI and the frequency of obesity among the overweight subjects misclassifying themselves were significantly lower among those who misclassified than the other overweight subjects. No such differences emerged for subjects unable to report weight status. These factors taken together suggest that the societal definition of overweight does not coincide with that of the scientific community and again speaks to ignorance on appropriate levels of fatness with respect to health risks. A recent study among adults in Barbados supports this, as most obese subjects categorised themselves as overweight or a little fat and most overweight subjects thought themselves a little fat or the right size 31 . We did not analyse whether fatter children had worse social experiences but our data do not suggest that girls see fatter status as more 'normal' for them.
The inability of many subjects to identify healthy states, levels of obesity and adequacy of exercise suggests that ignorance and environmental factors related to adolescence 45 may be contributing to obesity. Among Barbadian adults there is the suggestion that although there is awareness of the deleterious associations of obesity with health, there is disparity between knowledge and behaviours 31 . Careful research is necessary to clarify what may be subtle differences promoting obesity in some groups in Barbados.
Limitations
The main limitation of our study is that it is crosssectional. Nevertheless, the abundant data from other studies justifies assumptions on the nature of the relationships. In addition, when examining the determinants of both BMI and weight status the variables measured explained less than 20% of the variance. This is likely due to the exclusion of factors like food intake and pubertal stage that we did not control for and that are important predictors of body size and adiposity. However, the pattern of relationships of both structured activity and the more vague measure 'enough exercise' with body composition suggests that the finding of no relationship between recreational physical activity and body composition reflects the true picture. The improved predictive power of 'enough exercise' in the expected direction compared with frequency of structured activity suggests that there was truthful reporting of perception measures.
Age was reported and so the mid point of each age category (age in years) was used to identify the BMI cut-off point for a given subject. This means that the BMI cut-off point selected for a given subject could have been higher or lower than that which would have been selected if age in months had been recorded. However, the effect of this is unlikely to have been large as children are placed in forms based on age, so that misreporting of age in years would have been unlikely. In addition, the maximum error would have been 6 months for individuals at the extreme of each age category.
Private schools were not included in the sampling frame. These students might be of higher socio-economic status because these schools require fees. However the effect of this, if any, is expected to be negligible because a small percentage of students attend these institutions. In addition, some government support produces a broader socio-economic range of students than might be expected.
This study makes an important contribution, for although it is undoubted that environmental factors underpin the worldwide increase in obesity, the drivers in a given community are clearly highly unique. Our study raises questions about what may be important in the African Diaspora.
Conclusions
Our findings indicate that Barbadian adolescents are greatly affected by the emerging obesity epidemic, a pattern also seen in adults. This suggests that cultural factors are promoting adiposity, with a strong contribution from maternal obesity, which may be explained by perinatal and other intergenerational effects 46, 47 . Our finings do not support the hypothesis that desire to be overweight might be promoting female obesity in this age group, but rather demonstrate misperceptions about weight status in both sexes and of the nutritional value of different foods. There is clear need for identification of the cultural factors, particularly those relating to the adolescent environment, that promote development of obesity in Barbados; for validation of screening tools; and for the establishment of effective education programmes on the desirability and energy cost of activities, food choices and desirable weight status among adolescents.
